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FIELD OLFACTOMETER WITH
DIFFERENTIAL FLOW-BASED DYNAMIC
DILUTION

CROSS-REFERENCE TO RELATED
APPLICATION

The Applicant claims the benefit, under 35 U.S.C. §119(e),
of U.S. Provisional Patent Application Ser. No. 61/273,597,
filed Aug. 6, 2009, entitled “Continuously Variable Field
Transportable Audible Flow Alarmed Dynamic Dilution
Olfactometer Device For Environmental Odor Assessment,”
the entire content of which is incorporated herein by this
reference.

This invention was made with government support under
SBIR grant No. 2007-33610-18619 awarded by the USDA.
The Government has certain rights in the invention.

TECHNICAL FIELD OF THE INVENTION

The invention includes a low-cost field olfactometer that
may be used to determine when an environmental odor is
present in the ambient air in an amount which is at or above a
predetermined dilution ratio. The invention also encompasses
a method of olfactometry and a replaceable diluent filter
cartridge assembly employed in the olfactometer and olfac-
tometry method.

BACKGROUND OF THE INVENTION

Field olfactometers are used to assess environmental
odors, for example, odors from agricultural or industrial
operations. Under some regulatory schemes, odors which
may emanate from a commercial operation must be con-
trolled to a certain level. An odor level is commonly defined
for regulatory purposes by a volumetric dilution ratio of odor-
free air to sample air containing the odor-causing chemical or
chemicals. In particular, the dilution ratio at which the odor is
first detectable by a normal human olfactory system is defined
as the dilution to threshold (“D/T”) for the odor. A regulatory
scheme may require that an odor from a given commercial
operation must remain below a certain D/T at a given distance
from the operation. For example, the Missouri Air Pollution
Control Program Laws and Regulations have historically set
the maximum D/T for an odor at a value of 7:1 for emissions
from confined animal feeding operations. Also, D/T values
below the maximum D/T may be defined as having some
other significance in a regulatory scheme. For example, Mis-
souri DNR has also utilized a D/T limit value of 5.4:1 from
field screening as an early warning to trigger more extensive
laboratory testing.

There are two options for measuring the D/T for an odor
that may be emanating from a commercial operation. A first
option is to collect sample air at various locations around the
operation and then take the collected sample air to a labora-
tory for analysis using some laboratory-based olfactometry
method. However, laboratory-based olfactometry is expen-
sive and thus impractical for many applications. The second
option for measuring the D/T for an environmental odor is
referred to as field olfactometry. Field olfactometry is per-
formed using a portable field olfactometer which a user may
operate to measure the D/T for a given odor at various loca-
tions around a commercial operation from which the odor
emanates.

Prior field olfactometers include a device known as the
Barneby-Sutcliffe Box Scentometer (the “Box Scentometer”)
which was developed in the 1950s. The Box Scentometer
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includes a diluent air path having an activated carbon filter, a
sample air path, a series of restrictions which may be selected
for the sample air path, and two inhalation tubes configured to
align with a user’s nostrils. In operation, a user places their
nostrils against the two inhalation tubes and inhales in order
to draw air through the two flow paths. The diluent air path
takes ambient air through the activated carbon filter to remove
odors. The user first blocks the sample air path and draws air
only through the diluent air path to ensure that the device is
initially filled with only the filtered, odor-free air. After this
initialization, the filtered, odor-free air is used as diluent for
the sample air which is then allowed to flow through the
sample air path in response to the user’s inhalation. Each
restriction for the sample air path is an orifice sized to produce
a discrete dilution ratio when the user inhales against the
inhalation tubes with sufficient force. By operating the Box
Scentometer using first the smallest restriction for the sample
air path, and then sequentially each larger flow restriction
until the odor is detected, the user can identify the D/T for the
odor.

The device sold under the trademark Nasal Ranger® is
another prior art field olfactometer. The Nasal Ranger olfac-
tometer is fundamentally very similar to the Box Scentometer
in that it includes a first flow path for providing filtered,
odor-free diluent air, a second path for sample air, and a series
of restrictions which may be selected to restrict flow through
the sample air path. Rather than the two inhalation tubes
employed by the Box Scentometer, the nasal Ranger olfacto-
meter includes a nose mask at an outlet end of the device. The
mask provides a seal around the user’s nose and allows the
user to inhale through their nostrils into the device to draw
diluent air and sample air through the device. In the Nasal
Ranger olfactometer, the different sample air restrictions are
mounted on a dial which the user may rotate so as to align the
desired restriction with the sample air path through the
device. The Nasal Ranger olfactometer also includes a flow
meter which allows the user to see the flow rate through a
mixing tube of the device to ensure that the flow rate is at a
sufficient level to produce the dilution ratio intended for a
given restriction.

As with the Box Scentometer, the user operates the Nasal
Ranger olfactometer by first initializing the device with only
filtered, odor-free air, and then sequentially using the difter-
ent sample air restrictions beginning with the smallest flow
restriction. The smallest restriction for the sample air path
produces the highest dilution ratio in response to a nasal
inhalation at a proper rate into the mask of the device. If the
odor under assessment is detected when the user inhales at the
desired rate with the smallest flow restriction aligned with the
sample air path, then the user may record that the D/T of the
odor is at least at the dilution ratio produced by operation
using the smallest restriction. However, if the odor under
assessment is not detected at the dilution ratio produced by
the smallest flow restriction in response to a nasal inhalation
into the olfactometer at the desired rate, the user rotates the
dial to align the next larger restriction with the sample air path
and performs another inhalation. The user repeats this opera-
tion using sequentially larger flow restrictions until the odor is
detected. At the operation at which the odor is detected, the
user may record that the odor under assessment is present in
the atmosphere at that location and time at a D/T correspond-
ing to the dilution ratio produced using the flow restriction in
place for that operation of the olfactometer.

Another prior art field olfactometer is known as the Mask
Scentometer. The Mask Scentometer includes a one-quarter
face respirator mask with two input cartridges defining two
input flow paths. One cartridge is fitted with an activated
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carbon filter to provide filtered, odor-free air to the mask to
serve as a diluent. The other cartridge includes a dial mecha-
nism similar to that employed by the Nasal Ranger olfacto-
meter with a series of different sized orifices. The user may
operate the dial to align any one of the different orifices so as
to allow sample air to be drawn in to the device through the
selected orifice inresponse to auser’s nasal inhalation into the
mask. Each orifice which may be selected in the Mask Scen-
tometer correlates to a particular dilution ratio between dilu-
ent air provided through the filter cartridge and sample air
provided through the second cartridge given a desired total
flow rate, that is, a desired user nasal inhalation rate, into the
mask.

Aside from the fact that the Mask Scentometer is worn
rather than simply manually held against the user’s face to
provide a seal around the user’s nose, the operation of the
device is very similar to the operation of the Box Scentometer
and Nasal Ranger olfactometer. Once the user ensures that the
mask is tilled with odor-free air by blocking the sample air
path completely and inhaling filtered, diluent air into the
mask, the user moves the dial to align the smallest restriction
with the sample air path in the sample air cartridge. The user
then inhales through their nostrils into the mask to draw
diluent air through the first cartridge and sample air through
the second cartridge. If the user detects the odor under assess-
ment with that inhalation, then the user may record that the
D/T for the odor is at least at the dilution ratio corresponding
to the first, smallest flow restriction and the desired inhalation
rate. If the user does not detect the odor with the first inhala-
tion using the first and smallest flow restriction, the user
rotates the dial to align the next largest orifice/tlow restriction
and inhales again. The user continues this process using
sequentially larger flow restrictions until the odor is detected.
The user may then record that the D/T for the odor under
assessment is at the dilution ratio corresponding to the flow
restriction in use when the odor is first detected.

There are a number of problems encountered with the prior
art field olfactometers. First, the prior art field olfactometers
are relatively expensive and thus the devices cannot be widely
distributed to allow assessment of odors over large geographi-
cal areas and over extended periods of time encompassing a
range of environmental conditions. This is a very serious
drawback because odor plumes tend to be transient in nature
and are variable with weather conditions. Also, with the Box
Scentometer and Mask Scentometer, it is difficult to ensure
that the nasal inhalation by the user is sufficient to produce the
desired flow rate through the two flow paths of the device to
result in the intended dilution ratio between diluent air and
sample air. Even with the Nasal Ranger olfactometer, which
incorporates a flow meter, it is difficult for the user to coor-
dinate their observation of the meter with their operation of
the device to ensure that the flow rate through the device is at
a level to produce the desired dilution ratio.

SUMMARY OF THE INVENTION

The present invention includes a field olfactometer, an
olfactometry method, and a filter cartridge assembly particu-
larly adapted to be used in one preferred form of the field
olfactometer.

An olfactometer according to the present invention relies
on a user to provide a motive force for drawing ambient air
through the device. The user provides this motive force by
inhaling through the nostrils with the user’s nostrils sealed by
a suitable interface to the olfactometer. This interface may be
referred to in this disclosure and the accompanying claims as
a “human olfaction interface” or simply an “interface,” and
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may comprise a mask that seals to the user’s face around the
user’s nose, structures to seal directly around the user’s nos-
trils, or any other structure that provides a substantial seal to
allow the user to inhale through their nostrils and apply that
inhalation to draw air through the olfactometer and into the
nostrils. The motive force itself required by the present inven-
tion is a force generated from the user’s inhalation to gradu-
ally increase the flow rate through the device. In preferred
forms of the invention, the motive force is applied by the user
inhaling through the nostrils beginning at a relatively low rate
and increasing to a higher rate.

Inone preferred form, an olfactometer embodying the prin-
ciples of the invention includes a mixing chamber connected
to the human olfaction interface with a sensing opening pro-
viding communication between the mixing chamber and the
interface. A sample flow path (first flow path) is defined
through the olfactometer as is a diluent flow path (second flow
path). The sample flow path extends from a sample air inlet to
a sample air outlet which is open to the mixing chamber. The
diluent flow path extends from a diluent air inlet to a diluent
air outlet which is also open to the mixing chamber. The
sample flow path and diluent flow path are isolated from one
another so that the sample air flowing through the sample flow
path and diluent air flowing through the diluent flow path
cannot mix until the two streams of air exit their respective
flow path and enter the mixing chamber where the two
streams mix thoroughly prior to reaching the human olfaction
interface. The diluent flow path includes a filter medium to
filter or otherwise remove odor-causing chemicals from
ambient air drawn through the diluent flow path. An olfacto-
meter according to the present invention also includes a flow
indicator arrangement. The flow indicator arrangement pro-
vides a suitable indication when the flow rate at one or more
points in the olfactometer reaches a predetermined value cor-
relating to a target dilution representing the ratio of the flow
rate through the diluent flow path to the flow rate through the
sample flow path in response to the motive force applied at the
human olfaction interface.

Due to the differences between the sample flow path and
diluent flow path, the resistance to flow through the diluent
flow path is different from the resistance to flow through the
sample flow path. In particular, the resistance to flow through
the diluent flow path increases at a higher rate than the resis-
tance to flow through the sample path in response to the
motive force applied at the human olfaction interface. This
relative difference between the resistance to flow through the
two flow paths is such that the dilution ratio of diluent air
(diluent air flow rate) to sample air (sample air flow rate)
gradually decreases from a relatively high value at the begin-
ning of the motive force applied by the user, to arelatively low
value. The range of dilution ratios which is produced over the
course of the motive force includes the target dilution ratio. In
this way the olfactometer is configured to produce an indica-
tion through the flow indicator arrangement when the olfac-
tometer produces the target dilution ratio and allows the user
to determine if the odor under assessment is detectable at that
target dilution ratio or a higher dilution ratio.

In one preferred form of the invention, the flow indicator
arrangement is adapted to provide at least two different indi-
cations, each corresponding to a different dilution ratio of
diluent air (diluent air flow rate) to sample air (sample air flow
rate). Each indication may correspond to a different target
dilution ratio so that the olfactometer may be used to deter-
mine if an odor is present at multiple target dilution ratios. As
will be discussed below in the illustrative embodiments sec-
tion, an olfactometer within the scope of the present invention
may be configured to provide the two different indications on
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the application of a single inhalation to provide the motive
force, or on different inhalations. Whether the flow indicator
arrangement provides one indication or multiple different
indications corresponding to different dilution ratios, the
indication is preferably an audible indication, but may be a
visual indication or any other type of indication.

A filter cartridge assembly embodying the principles of the
invention includes a filter body having a volume packed with
a suitable filter medium. The filter cartridge assembly also
includes a sample air tube extending longitudinally there
through. The sample air tube is connected at an inlet end to an
inlet plug. The filter body is adapted to be housed in the body
of the olfactometer with the sample air tube positioned with
the inlet plug received at an inlet end of the olfactometer and
providing an inlet opening for the admission of sample air.
This configuration of the filter body and integrally mounted
sample air tube allows the filter cartridge assembly to be
calibrated independently of the remainder of the olfactome-
ter. Thus the filter cartridge assembly may be changed in the
olfactometer, as is required periodically due to the limited life
of the filter medium, without having to recalibrate the entire
olfactometer.

One preferred method of olfactometry according to the
present invention includes directing sample air along the
sample flow path and directing diluent air along the filtered
diluent flow path both to the mixing chamber and both in
response to the motive force. As discussed above, the sample
flow path provides a first flow resistance that increases at a
first rate in response to the motive force, while the second flow
path provides a second flow resistance that increases at a
second rate in response to the motive force. This preferred
method also includes directing sample air from the sample
flow path and diluent air from the diluent flow path through
the mixing chamber and to an outlet through which the motive
force is applied. This method further includes providing a first
indication based on the flow rate through one or more of the
first flow path, second flow path, or mixing chamber. This first
indication correlates to a first target dilution ratio between
diluent air flowing through the diluent flow path to sample air
flowing through the sample flow path. The second flow resis-
tance and the first flow resistance are selected to provide a
dilution ratio between diluent air flowing through the diluent
flow path to sample air flowing through the sample flow path
which gradually decreases to the first target dilution in
response to the motive force.

An olfactometer and method of olfactometry according to
the present invention provide a number of advantages over
prior field olfactometers and olfactometry methods. One
advantage arises from the positive indication produced by the
flow indicator arrangement when the target flow rate is pro-
duced in the device. By providing an indication, which may
preferably be an audible indication, when the flow rate mea-
sured at one or more points in the device reaches a level
corresponding to a target dilution ratio, the device provides a
simple way to determine whether an odor under assessment is
present in ambient air at a given dilution ratio for which the
olfactometer is calibrated. This dilution ratio may correspond
to a dilution ratio having regulatory significance. Another
advantage arises from the filter cartridge assembly having an
integrated filter body and sample air path. The integrated filter
body and sample air path facilitates calibration of the filter
cartridge assembly independently of the remainder of the
olfactometer. In particular, the integrated filter body and
sample air path encompasses two variables affecting the
resistance to flow through the diluent and sample flow paths,
and this allows each replacement filter cartridge and sample
flow path to be fine tuned to produce the desired flow path
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resistances when installed in the olfactometer. Another
important advantage of a field olfactometer according to the
present invention, particularly one employing the preferred
flow indicator arrangement providing an audible indication,
is that the olfactometer is relatively inexpensive to produce as
compared to prior art field olfactometer. This reduced cost
together with the simplicity of use will facilitate wide distri-
bution of the olfactometer so that data may be gathered over
a wide area and window of time suitable for providing a more
complete assessment of odors which may emanate from a
given odor source.

These and other advantages and features of the invention
will be apparent from the following description of the pre-
ferred embodiments, considered along with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a field olfactometer embodying
principles of the present invention.

FIG. 2 is a section view taken along line 2-2 in FIG. 1.

FIG. 3 is a graph showing an example of the relationship
between the flow through the diluent flow path and sample
flow path according to the present invention, and also show-
ing an example dilution ratio.

FIG. 4 is an enlarged section view of the integrated filter
cartridge and sample flow path shown in the device illustrated
in FIG. 2.

FIG. 5 is a section view similar to FIG. 2, but showing an
alternative field olfactometer having two flow meters associ-
ated with the diluent flow path.

FIG. 6 is a graph similar to that shown in FIG. 3, but
showing two different dilution ratios at which an indication
may be produced with the olfactometer shown in FIG. 4.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

A field olfactometer 100 embodying the principles of the
invention may be described with reference to FIGS. 1 through
3. As shown in FIG. 1, olfactometer 100 includes a mask 101
at an outlet end 102 of the olfactometer. Mask 101 is con-
nected directly to one end of a filter housing 103. The end of
filter housing 103 opposite the end connected to mask 101 is
connected to a diluent inlet housing 104 which provides an
inlet for diluent air into the olfactometer. The inlet for diluent
air in this exemplary form of the invention is associated with
a flow meter 107 mounted on diluent inlet housing 104. A
sample inlet housing 105 is also connected to diluent inlet
housing 104 at an inlet end 106 of the olfactometer opposite
outlet end 102. As will be discussed below with reference to
the section view shown in FIG. 2, the various housings of
olfactometer 100 define a sample flow path and a diluent flow
path through the device, both of which lead to a mixing
chamber which is open to mask 101 through a sensing open-
ing.

Referring to FIG. 2, filter housing 103 includes a first
component 200 and a second component 201, both of which
are cylindrical in shape. The filter housing first component
200 includes the outlet opening or sensing opening 202 to
which mask 101 is connected. Filter housing second compo-
nent 201 has an opening 203 to which diluent inlet housing
104 is connected. Diluent inlet housing 104 defines an open
area 204 that allows the passage of diluent air from flow meter
107 into filter housing 103 through opening 203. Open area
204 also provides room for a sample tube 206 to extend there
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through from an open area 207 of sample inlet housing 105
through filter housing opening 204.

Olfactometer 100 also includes a filter cartridge 210
mounted within filter housing 103. Filter cartridge 210
includes a cylindrical tube body 211 sealed to the filter hous-
ing inner surface 212 with O-rings 213. A filter medium 214
is packed between two perforated retention screens 215
within tubular body 211. Sample tube 206 extends through
filter cartridge 210 and includes an outlet end 217 and an inlet
end 218. Sample tube inlet end 218 terminates in a passage
220 of a sample inlet plug 221. Sample inlet plug 221 has an
end adapted to produce a sealed fit in an opening 222 of
sample inlet housing 105. Passage 220 provides an inlet for
admitting sample air into sample tube 206. Sample tube outlet
end 217 terminates in an area 224 defined within filter hous-
ing 103 adjacent to mask 101. This area 224 may be referred
to as a mixing chamber because it is in this area that sample air
from sample tube 206 and diluent air which passes through
filter medium 214 may mix prior to reaching mask 101. The
illustrated example olfactometer 100 also includes a perfo-
rated mixing screen 225 which includes perforations (not
shown due to the scale of the drawing) that help induce
turbulence and thereby enhance mixing between sample air
and diluent air ahead of mask 101. As will be discussed
further below, filter cartridge 210 together with the sample
supply tube 206 are part of a replaceable filter cartridge
assembly tuned to produce a desired flow rate through two
different flow paths through olfactometer 100 in response to a
motive force applied through the mask 101 by a user of the
olfactometer.

Ambient air to be filtered to produce diluent air enters
olfactometer 100 through an opening 227 extending through
flow meter 107. Flow meter 107 is adapted to provide an
indication when the flow rate through opening 227 reaches a
certain value. Although other forms of the invention may use
other types of flow meters, the illustrated flow meter 107 is
adapted to provide an audible indication when the target flow
rate is reached.

After initialization by blocking the sample flow path and
drawing only filtered, odor-free air into mixing chamber 224
and mask 101, olfactometer 100 operates in response to a
motive force applied by a user through mask 101 by inhaling
through the nostrils while the area around the user’s nose is
sealed against the sealing edge 230 of mask 101. In response
to the motive force, that is, a nasal inhalation force to produce
a gradual increase in flow rate drawn through the user’s nos-
trils, air flows through two flow paths defined in olfactometer
100. The motive force causes sample air to flow into inlet plug
opening 222, and then through sample tube 206 in the direc-
tion from the sample tube inlet end 218 to the sample tube
outlet end 217. This sample flow path is indicated by arrows
S in FIG. 2. The motive force also causes ambient air to flow
through flow meter opening 227, into diluent inlet housing
area 204, then through filter cartridge 210, and then out of the
filter cartridge and into mixing area 224. This diluent flow
pathis indicated by the dashed line arrows in FIG. 2. It will be
noted that although the diluent air is simply ambient air which
presumably would also contain the odor under assessment,
the filter medium 214 in the diluent flow path removes the
odor-causing chemicals from the air and produces substan-
tially odor-free air which enters mixing area 224 to serve as
diluent for the sample air.

As the user continues to inhale to gradually increase the
flow through the two flow paths indicated by arrows S and the
dashed line arrows in FIG. 2, the resistance to flow through
the sample path relative to the resistance to flow through the
diluent flow path produces a gradually decreasing dilution
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ratio of diluent air to sample air. This relative change in flow
rate through the two flow paths is illustrated in FIG. 3. In
particular, at the start of the inhalation producing the motive
force for operating the olfactometer, the flow rate through the
diluent flow path shown by the dashed line arrows in FIG. 2 is
relatively higher than the sample flow rate through the sample
flow path shown by arrows S. This corresponds to a relatively
high dilution ratio at the start of the inhalation. However, as
the flow rate increases over the course of the inhalation, the
higher resistance to flow through the diluent flow path as
compared to the resistance to flow through the sample flow
path causes the flow rate through the diluent flow path to
increase at a lower rate than the flow rate through the sample
flow path. This is particularly true in the region of flow rate
increase between points A and B in FIG. 3. Flow meter 107 is
adapted to produce an indication, an audible signal in this
example, at a target flow rate DF through the diluent flow
path. This target flow rate through the diluent flow path cor-
responds to a predetermined target dilution ratio shown at D
in FIG. 3. Thus if the user detects the odor under assessment
at or before the indication produced by flow meter 107, the
D/T for the odor is at or above the predetermined target
dilution ratio. If the odor under assessment is not detected by
the time flow meter 107 produces the indication, then the D/T
for the odor is below the target dilution ratio. The target
dilution ratio may be set at a regulatory limit so that olfacto-
meter 100 may be used to quickly determine whether an odor
is present in the atmosphere at or above the regulatory limit or
below the regulatory limit.

The various components of olfactometer 100 may be made
of any suitable material. For example, sample tube 206 and
sample inlet plug 221 may be made from PTFE, which is
preferred for its high resistance to chemical interaction with
odor-causing chemicals which may be in the sample air. Mix-
ing screen 225, which may be a is inch thick sheet of mate-
rial with V16 inch diameter perforations across the entire sheet
surface on a ¥ inch on-center spacing, is also preferably
made from PTFE. All of the housing components, filter hous-
ing 103, diluent housing 104, and sample inlet housing 105,
may be made from PVC. Mask 101 may be made from high
purity, odor-free silicone rubber, or from any suitable odor-
free plastic or other material that is preferably pliable to
provide a comfortable sealing edge 230 for providing the
required seal against the user’s face around the nose. How-
ever, the portion of mask 101 connecting to filter housing 103
may be made from a more rigid plastic or other suitable
material. The wall thickness of the various components may
be any suitable thickness to provide the desired structural
integrity for the device.

Any suitable connections may be used for connecting the
various components in the illustrated configuration. Filter
housing components 200 and 201 may be connected with a
suitable threaded connection, with a female thread formed in
first component 200 and a corresponding male thread formed
at the end of second component 201. The connections
between diluent inlet housing 104 and filter housing 103 on
the one end and sample inlet housing 105 on the other may
simply be friction connections which are sufficiently tight to
provide a good seal. Alternatively, these connections may
include a chemical weld or other permanent connecting
arrangement since it may not be necessary to separate these
components for use or maintenance of olfactometer 100. Any
of these connecting arrangements may also be used for con-
necting mask 101 to filter housing 103. The connection
between sample inlet plug 221 and inlet housing opening 222
may simply be a friction connection or a threaded connection,
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orany other releasable connection that provides a good seal to
prevent ambient air from entering open area 207 through
opening 222.

The preferred flow meter 107 comprises a vibration-type
flow meter which includes an element in or adjacent to open-
ing 227 which is adapted to produce a characteristic vibration
and consequent audible indication in response to a desired
flow rate through opening 227. The device sold under the
trademark Whistle Watch® by Evo Medical Solutions of
Adel, Iowa is an example of a suitable vibration-type flow
meter which may be employed as flow meter 107. Alterna-
tively, any other suitable flow meter may be used or adapted to
be used as a flow indicator arrangement to provide the desired
indication at a flow rate through olfactometer 100 corre-
sponding to the target dilution ratio. For example, a floating
ball rotometer may be used to provide a visual indication and
various electronic flow sensors may be used to control a visual
indicator such as an LED, or an electronic sound generating
device. Regardless of the particular type of flow meter
employed, the flow meter is preferably adjustable so that it
may be modified to produce an indication at a desired flow
rate within a range of available flow rates. This adjustability
allows the flow meter to produce the desired indication at the
flow rate correlating to a given target dilution ratio and for a
given filter cartridge assembly.

FIG. 4 shows further details of the preferred filter cartridge
assembly 209 including filter cartridge 210 integrated with
sample tube 206 as a unit. The preferred filter medium 214
comprises a medium that results in a relatively consistent flow
resistance along the olfactometer diluent flow path when the
filter medium must be replaced. One preferred medium
includes activated carbon beads having a uniform, generally
spherical diameter between approximately 0.40 mm and
approximately 0.70 mm. Generally spherical activated car-
bon beads having a more narrow size distribution range may
also be used for the filter medium, for example from approxi-
mately 0.45 mm to approximately 0.55 or from approxi-
mately 0.55 to approximately 0.65 mm. It is believed that the
uniformity of these beads produces the desired consistent
flow resistance along the diluent flow path even when the
filter medium is replaced. Filter cartridge tube body 211 may
be formed from a suitable plastic such as PVC. Retention
screens 215 may include PVC disks 400 having several rela-
tively large openings 401 there through, with a suitable per-
meable retention material sheet 403 facing filter medium 214.
A suitable permeable retention material sheet includes a
coarse filter disk cut from filter paper stock such as Whatman
No. 1 filter paper stock. Sample tube 206 extends through a
center opening 404 formed in each disk 400. Openings 404
have close tolerance with the external diameter of sample
tube 206 to ensure that the diluent air passes through filter
medium 214 in the operation of olfactometer 100 shown in
FIGS. 1 and 2.

The preferred integrated filter cartridge assembly 209
including filter cartridge 210 and sample tube 206 has the
advantage that it may be tuned independently of the remain-
der of olfactometer 100 to ensure the desired flow path char-
acteristics in the olfactometer to allow flow meter 107 to
produce the desired indication when the flow through the
diluent flow path reaches the desired rate. This capability for
independent tuning results from three characteristics of olfac-
tometer 100. First, the remainder of olfactometer 100 beyond
the integrated cartridge 210 and sample tube 206 is fixed and
of known dimensions. Second, when cartridge 210 is
reloaded with fresh filter medium, the new filter medium may
have a known particle size content and distribution which,
given a consistent length of filter medium in cartridge tube
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body 211, will produce similar flow characteristics in the
diluent flow path through olfactometer 100. Third, to the
extent the new filter medium produces a slightly different
resistance to flow through diluent flow path, the length of
sample tube 206 may be modified slightly to make a compen-
sating change in flow resistance through the sample flow path.
In addition to or alternatively to modifying the length of the
sample tube 206 when filter medium 214 is changed out in
cartridge 210, a flow restriction of suitable diameter and
length may be inserted into sample tube 206 or elsewhere in
the sample flow path to make a compensating change in flow
resistance along the sample flow path.

Replaceable filter cartridge assembly 209 may be cali-
brated using a test-stand (not shown) which includes two
intake ports and one vent port. The intake ports correspond to
the diluent and sample inlets of olfactometer 100 and facili-
tate air flow through both the sample tube 206 and the car-
tridge tube body 211 of the cartridge assembly 209 to be
calibrated. The test-stand vent port corresponds to the open-
ing through which the user inhales into olfactometer 100.
Utilizing an appropriately regulated vacuum pump connected
to apply a vacuum to the test-stand vent port, an individual
cartridge may be calibrated by recording parallel flow rate
measurements across a target range of vacuum driven total
flow values to generate a cartridge-specific calibration curve.
Dual, parallel flow measurements can be obtained by visually
monitoring dual-tube ball rotometers or, more preferably,
dual channel data logging electronic flow meters indepen-
dently measuring flow rate in each of the diluent flow path and
sample flow path. Given that each pathway through the test-
stand mounted filter cartridge assembly represents a fixed
restriction, once the filter cartridge assembly 209 is cali-
brated, the flow rate through one pathway, either the sample
flow path or the diluent flow path, may be inferred from
knowledge of the flow rate in the other pathway. Once the
calibration curve for the filter cartridge assembly 209 is pro-
duced, the filter cartridge assembly may be removed from the
test-stand and inserted into an olfactometer 100. The indica-
tor device of the olfactometer 100, such as flow meter 107
shown in FIGS. 1 and 2, may be adjusted to provide the
desired indication at the target flow rate based on the calibra-
tion curve produced for the respective filter cartridge assem-
bly 209 on the test-stand. It should be noted that an assembled
olfactometer 100 can be calibrated in an analogous manner,
substituting a vacuum source attachment assembly for the
mask 101.

FIG. 5 shows an alternate field olfactometer 500 within the
scope of the present invention. Olfactometer 500 includes a
mask 501, filter housing 503, diluent inlet housing 504, and
sample inlet housing 505. With the exception of diluent inlet
housing 504, each of these components is identical to the
corresponding component of olfactometer 100. Olfactometer
500 also includes a filter cartridge assembly including filter
cartridge 510 with an integrated sample tube 506 and sample
inlet plug 507. These cartridge assembly components are the
same as the corresponding components in olfactometer 100.
Also, aside from the arrangement of flow meters as will be
discussed below, all of the other internal components of olfac-
tometer 500 are the same as the other internal components of
olfactometer 100. Because these components are all the same
in olfactometer 500 and provide the same functions and
advantages, all of these internal components will not be rela-
beled in FIG. 5.

Olfactometer 500 differs from olfactometer 100 shown in
FIGS. 1 and 2 in that the former includes a different flow
indicator arrangement. The flow indicator arrangement
includes a first flow meter 515 and a second flow meter 517.
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First flow meter 515 has a flow meter opening 516 there
through, and a second flow meter 517 has a flow meter open-
ing 518 there through. Each of these flow meters 515 and 517
may preferably be of the same type as flow meter 107
described above in connection with olfactometer 100. How-
ever, flow meters 515 and 517 are calibrated to provide two
distinct indications, each associated with a respective flow
rate and correlating to a respective target dilution ratio of
diluent air to sample air.

The operation of olfactometer 500 may be described with
additional reference to the graph shown in FIG. 6. This graph
is similar to the graph of FIG. 3, but includes both a first target
dilution ratio D1 which corresponds to a diluent flow rate DF1
and a second target dilution ratio D2 which corresponds to a
diluent flow rate DF2. Each target dilution rate corresponds to
a respective total flow rate through olfactometer 500 and
respective sample and diluent flow rates. It will be noted in
reference to FIG. 6 that as the flow rate through the device
increases in response to the user’s inhalation, the dilution
ratio produced by olfactometer 500 gradually decreases to
first dilution ratio D1 and then to second dilution ratio D2.
One of the flow meters 515 or 517 is adapted to produce an
indication (preferably an audible indication) at flow rate DF1
correlating to dilution ratio D1, while the other flow meter is
adapted to produce an indication (again preferably audible) at
flow rate DF2 corresponding to dilution ratio D2. If the user
detects the odor under assessment at or before the time of the
first indication, then the user may record that the D/T for the
odor is at or above dilution ratio D1. If the user detects the
odor under assessment after the first indication but at or
before the second indication, then the user may record that the
D/T for the odor was between dilution ratio D1 and dilution
ratio D2.

Olfactometer 500 may be configured and operated in sev-
eral different ways to provide the functionality set out in the
previous paragraph. In one preferred configuration, the indi-
cations correlating to target dilution ratio D1 and target dilu-
tion ratio D2 are produced on a single inhalation with no
additional manipulation by the user. In this configuration,
ambient air flows through each flow meter opening 516 and
518 during the inhalation. Each flow meter 515 and 517 must
be adapted to account for the flow through the other flow
meter. One of the flow meters is calibrated to produce an
indication when the total flow through openings 516 and 518
is at the diluent flow rate DF1 correlating to dilution ratio D1,
while the other flow meter is calibrated to produce an indica-
tion when the total flow through openings 516 and 518 is at
the diluent flow rate DF2 correlating to dilution ratio D2.

An alternate configuration of olfactometer 500 provides
the two separate indications on two different operations of the
device. In this configuration, a one flow meter 515 or 517 is
calibrated to provide the first indication correlating to dilution
ratio D1 while the other flow meter is blocked. The remaining
flow meter is calibrated to provide the second indication
correlating to dilution ration D2 while the first flow meter is
blocked. A user would first block the flow meter correlating to
the lower dilution ratio D2, and operate the device until the
remaining flow meter produced its indication correlating to
the higher dilution ratio D1. If the odor was not detected at the
higher dilution ratio D1, the user would then block the flow
meter correlating to the higher dilution ration D1 and operate
the olfactometer until the flow meter correlating to dilution
ratio D2 produced its indication correlating to that lower
dilution ratio. A simple blocking arrangement comprises a
sealing cap adapted to fit over either one of flow meter 515
and 517 or a sealing plug adapted to fit into either one of flow
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meter opening 516 and flow meter opening 518. Alterna-
tively, the user may simply use one of their fingers to cover the
desired flow meter opening.

It should be noted in the single inhalation, dual flow meter
configuration described above that the indications, particu-
larly if they are audible indications, should be different in
character so that they can be distinguished by the user. For
example, one flow meter may be configured to produce an
audible indication at a first pitch, while the other flow meter
may be configured to produce an audible indication at a
second, readily distinguishable pitch. In other examples, one
flow meter may be adapted to produce a chirping sound, while
the other flow meter may be adapted to produce a whistle. The
multiple operation, dual flow meter configuration described
above does not require that the two flow meters produce
indications of different character so that they can be distin-
guished, however, the indications may be of different charac-
ter if that is desired.

Although the invention is described above in connection
with specific illustrative embodiments, it will be appreciated
that numerous variations on these embodiments are possible
within the scope of the present invention. One area of varia-
tion relates to the point at which the flow rate is measured to
provide the desired indications. Measuring flow rate at the
entrance of the air from which diluent will be produced is a
preferred location for measuring flow rate because the odor
detection remains unaffected by the presence of the flow
meter or meters at this location. However, flow rates may be
measured in any way and at any point in an olfactometer
within the scope of the present invention. Furthermore, flow
rates may be measured at multiple locations (in both the
diluent flow path and in the mixing chamber, for example) to
provide the desired indications.

An olfactometer within the scope of the present invention is
also not limited to any particular human olfaction interface.
Although olfactometers 100 and 500 are illustrated above
with a small mask that is adapted to be manually held to the
user’s face, other embodiments of the present invention may
include straps which allow the device to be worn by the user
with the mask providing a hands-free seal to the user’s face.

Another variation within the scope of the present invention
relates to the mounting and number of flow meters on the
olfactometer. Some forms of the invention may have two,
three, four, or more flow meters, each adapted to provide an
indication at a flow rate correlating to a respective diluent to
sample air dilution ratio. The olfactometer may be configured
so that all but one of the flow meters is blocked for a given
operation of the device. The operation of the olfactometer
would then determine whether the odor under assessment was
present in the atmosphere at or above the dilution ratio cor-
related to the indication produced by the one unblocked flow
meter. Yet other forms of the invention may include a single
flow meter mounted as in olfactometer 100 or otherwise, that
is adjustable to provide an indication at any one of multiple
different flow rates through the flow meter. Each flow rate at
which an indication is provided may correlate to a particular
diluent to sample air dilution ratio. An adjustable flow meter
may include a setting dial or other arrangement which pro-
vides a visual indication of the flow rate, or dilution ratio at
which the flow meter is set.

As used herein, whether in the above description or the
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following claims, the terms “comprising,” “including,” “car-
rying,” “having,” “containing,” “involving,” and the like are to
beunderstood to be open-ended, that is, to mean including but
not limited to. Also, any use of ordinal terms such as “first,”
“second,” “third,” etc., in the claims to modify a claim ele-

ment does not by itself connote any priority, precedence, or
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order of one claim element over another, or the temporal order
in which acts of a method are performed. Rather, unless
specifically stated otherwise, such ordinal terms are used
merely as labels to distinguish one claim element having a
certain name from another element having a same name (but
for use of the ordinal term).

The above described preferred embodiments are intended
to illustrate the principles of the invention, but not to limit the
scope of the invention. Various other embodiments and modi-
fications to these preferred embodiments may be made by
those skilled in the art without departing from the scope of the
present invention.

The invention claimed is:

1. An olfactometer including:

(a) a mixing chamber;

(b) ahuman olfaction interface having a sensing opening to
the mixing chamber;

(c) a first flow path extending from a sample air inlet to a
sample air outlet which is open to the mixing chamber,
the first flow path providing a first resistance to flow
there through in the direction from the sample air inlet to
the mixing chamber;

(d) a second flow path extending from a diluent air inlet to
a diluent air outlet which is open to the mixing chamber,
the second flow path being isolated from the first flow
path and including a filter medium therein, the filter
medium comprising a length of packed spherical adsor-
bent particles, the length of packed spherical adsorbent
particles defining a filtration path forming part of the
second flow path, the second flow path providing a sec-
ond resistance to flow there through in the direction from
the diluent air inlet to the diluent air outlet;

(e) a flow indicator arrangement, the flow indicator
arrangement for providing a first indication when a flow
rate at one or more points in the olfactometer reaches a
predetermined value corresponding to a first target dilu-
tion ratio of the flow rate through the second flow path to
the flow rate through the first flow path in response to a
motive force applied at the human olfaction interface;
and

() wherein the second resistance to flow increases at a
higher rate than the first resistance to flow in response to
the motive force applied at the human olfaction interface
so that the dilution ratio of the flow rate through the
second flow path to the flow rate through the first flow
path gradually decreases to the target dilution ratio in
response to the motive force.

2. The apparatus of claim 1 wherein the first indication
provided by the flow indicator arrangement is an audible
indication.

3. The apparatus of claim 2 wherein the flow indicator
arrangement is a vibration-type flow meter.

4. An olfactometer including:

(a) a mixing chamber;

(b) ahuman olfaction interface having a sensing opening to

the mixing chamber;

(c) a first flow path extending from a sample air inlet to a
sample air outlet which is open to the mixing chamber,
the first flow path providing a first resistance to flow
there through in the direction from the sample air inlet to
the mixing chamber;

(d) a second flow path extending from a diluent air inlet to
a diluent air outlet which is open to the mixing chamber,
the second flow path being isolated from the first flow
path and including a filter medium therein, the second
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flow path providing a second resistance to flow there
through in the direction from the diluent air inlet to the
diluent air outlet;

(e) a flow indicator arrangement, the flow indicator
arrangement for (i) providing a first indication when the
flow rate at one or more points in the olfactometer
reaches a predetermined value corresponding to a first
target dilution ratio of the flow rate through the second
flow path to the flow rate through the first flow path in
response to a motive force applied at the human olfac-
tion interface, and for (ii) providing a second indication
when the flow rate at one or more points in the olfacto-
meter reaches a predetermined value corresponding to a
second target dilution ratio of the flow rate through the
second flow path to the flow rate through the first flow
path in response to a motive force applied at the human
olfaction interface; and

() wherein the second resistance to flow changes at a
different rate than the first resistance to flow in response
to the motive force applied at the human olfaction inter-
face so that the dilution ratio of the flow rate through the
second flow path to the flow rate through the first flow
path changes across a range of dilution ratios in response
to the motive force, the range of dilution ratios including
the first target dilution ratio and the second target dilu-
tion ratio.

5. The apparatus of claim 4 wherein the first indication is a
first audible indication and the second indication is a second
audible indication that is distinguishable from the first
audible indication.

6. The apparatus of claim 4 wherein the flow indicator
arrangement is mounted in the second flow path so that the
first indication and the second indication each provides an
indication of the flow rate through the second flow path.

7. The apparatus of claim 4 wherein the flow indicator
arrangement includes a first part mounted at a first location in
the second flow path and a second part mounted at a second
location in the second flow path, and wherein the first part of
the flow indicator arrangement provides the first indication
and the second part of the flow indicator arrangement pro-
vides the second indication.

8. A field olfactometer cartridge assembly including:

(a) a cartridge enclosure defining an inlet end and an outlet

end;

(b) a sample tube traversing the cartridge enclosure from
the inlet to outlet end;

(c) a filter medium retained in the cartridge enclosure in
position to filter odor-causing chemicals from air as the
air traverses from the inlet end of the cartridge enclosure
to the outlet end of the cartridge enclosure outside of the
sample tube;

(d) a sample inlet plug having a sample passage there
through, the sample inlet plug receiving an inlet end of
the sample tube therein.

9. The field olfactometer cartridge assembly of claim 8
further including at least one sealing ring mounted on an outer
surface of the cartridge enclosure in position to provide a seal
against a surface of ahousing in which the cartridge enclosure
is to be received.

10. The field olfactometer cartridge assembly of claim 8

wherein the filter medium comprises activated carbon beads
having a diameter range from approximately 0.40 mm to 0.70
mm.
11. The field olfactometer cartridge assembly of claim 8
wherein the filter medium is packed into an annular area of the
cartridge enclosure between the outer wall of the sample tube
and inner wall of the cartridge enclosure.
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12. The field olfactometer cartridge assembly of claim 11
wherein the filter medium is retained in the cartridge enclo-
sure between two retainer assemblies, each retainer assembly
including a disk of material having an outside diameter
closely matching an inside diameter of the cartridge enclo-
sure, and also having two or more disk passages extending
there through with a sheet of permeable retention material
interposed between the disk of material and the filter medium
s0 as to prevent the escape of filter medium through the disk
passages.

13. An olfactometer including:

(a) a mixing chamber;

(b) ahuman olfaction interface having a sensing opening to

the mixing chamber;

(c) a first flow path extending from a sample air inlet to a
sample air outlet which is open to the mixing chamber,
the first flow path providing a first resistance to flow
there through in the direction from the sample air inlet to
the mixing chamber;

(d) a second flow path extending from a diluent air inlet to
a diluent air outlet which is open to the mixing chamber,
the second flow path being isolated from the first flow
path and including a filter medium therein, the second
flow path providing a second resistance to flow there
through in the direction from the diluent air inlet to the
diluent air outlet;

(e) a flow indicator arrangement, the flow indicator
arrangement providing (1) a first indication when a flow
rate in the olfactometer reaches a predetermined value
corresponding to a first target dilution ratio of the flow
rate through the second flow path to the flow rate through
the first flow path in response to a motive force applied at
the human olfaction interface, and (ii) a second indica-
tion when the flow rate in the olfactometer reaches a
predetermined value corresponding to a second target
dilution ratio of the flow rate through the second flow
path to the flow rate through the first flow path in
response to the motive force applied at the human olfac-
tion interface, the second target dilution ratio being dif-
ferent from the first target dilution ratio; and

() wherein the second resistance to flow increases at a
higher rate than the first resistance to flow in response to
the motive force applied at the human olfaction interface
so that the dilution ratio of the flow rate through the
second flow path to the flow rate through the first flow
path gradually decreases from an initial dilution ratio, to
the first target dilution ratio, and then to the second target
ratio in response to the motive force.

14. The apparatus of claim 13 wherein the firstindication is
afirstaudible indication and the second indication is a second
audible indication that is distinguishable from the first
audible indication.

15. The apparatus of claim 13 wherein the flow indicator
arrangement is mounted in the second flow path so that the
first indication and the second indication each provides an
indication of the flow rate through the second flow path.
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16. The apparatus of claim 13 wherein the flow indicator
arrangement includes a first part mounted at a first location in
the second flow path and a second part mounted at a second
location in the second flow path, and wherein the first part of
the flow indicator arrangement provides the first indication
and the second part of the flow indicator arrangement pro-
vides the second indication.

17. The apparatus of claim 16 wherein the first part of the
flow indicator arrangement is adapted to produce the first
indication when the second part of the flow indicator arrange-
ment is blocked to prevent flow there through.

18. An olfactometer including:

(a) a mixing chamber;

(b) ahuman olfaction interface having a sensing opening to

the mixing chamber;

(c) a first flow path extending from a sample air inlet to a
sample air outlet which is open to the mixing chamber,
the first flow path providing a first resistance to flow
there through in the direction from the sample air inlet to
the mixing chamber;

(d) a second flow path extending from a diluent air inlet to
a diluent air outlet which is open to the mixing chamber,
the second flow path being isolated from the first flow
path and including a filter medium therein, the second
flow path providing a second resistance to flow there
through in the direction from the diluent air inlet to the
diluent air outlet;

(e) a flow indicator arrangement including (i) a first part
mounted in the second flow path to provide a first indi-
cation when a flow rate in the second flow path reaches
a predetermined value corresponding to a first target
dilution ratio of the flow rate through the second flow
path to the flow rate through the first flow path in
response to a motive force applied at the human olfac-
tion interface, and (ii) a second part mounted in the
second flow path so as to provide a second indication
when the flow rate through the second flow path reaches
a predetermined value corresponding to a second target
dilution ratio of the flow rate through the second flow
path to the flow rate through the first flow path in
response to the motive force applied at the human olfac-
tion interface; and

() wherein the second resistance to flow increases at a
higher rate than the first resistance to flow in response to
the motive force applied at the human olfaction interface
so that the dilution ratio of the flow rate through the
second flow path to the flow rate through the first flow
path gradually decreases to the second target dilution
ratio in response to the motive force.

19. The apparatus of claim 18 wherein the first indication is
afirst audible indication and the second indication is a second
audible indication that is distinguishable from the first
audible indication.



